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Introduction 
Phobos, the larger of the two Martian moons is 
currently of great interest to the science community. 
While there were several Phobos mission proposals 
in the scope of NASA’s discovery program [1-3], 
ESA and Roscosmos are currently studying the 
feasibility of a sample return mission [4], the 
Japanese space Agency plans to launch a sample 
return mission by 2024 [5], and ESA’s M5 call 
received a mission proposal to explore the Martian 
moons [6]. Following the successful launch in 2003,  
ESA’s Mars Express Mission (MEX) moves in an 
orbit, which has close encounters of Phobos on a 
regular basis, favorable for Phobos observations [7]. 
Here we report on current activities of Phobos 
research in the various fields of interest based on 
image data of the High Resolution Stereo Camera on-
board the MEX spacecraft.  
1. Astrometric observations 
We carry out astrometric observations of Deimos and 
Phobos to support orbit determination for the two 
satellites. In the recent past mutual event 
observations – showing Phobos or Deimos together 
with yet another body in the stellar sky – were 
reduced to determine the angular separation between 
two visible objects, respectively. The spacecraft 
pointing is not relevant for this kind of observations 
which eliminates one of the largest error sources of 
past astrometric observations [8-11]. Observations 
include Phobos and Deimos, or the relative position 
of Phobos or Deimos with respect to Jupiter and 
Saturn,. Observations and data reductions are 
ongoing.  Phobos’ and Deimos’ secular orbital 
motion may constrain interior models, in particular 
the mass distributions within the two satellites [12, 
13].  
 
Figure 1: Example of a Phobos-Jupiter mutual event 
observation by the Super Resolution Channel of the 
HRSC (Image Credit: ESA/DLR/FU Berlin).  
2. Rotation parameters 
Deimos and Phobos are tidally locked.  In the past, 
observations of the rotation parameters such as the 
forced libration amplitude were based on an 
empirical approach to find a best fit to control point 
network solutions. We have now implemented a 
least-squares adjustment algorithm that can directly 
solve for rotation parameters by computing the 
bundle block in the inertial reference frame. The 
forced libration amplitude can be solved for directly 
when computing coordinates of control points of a 
global network. The approach also allows us to test 
the orientation of the pole axis and the precession 
motion [14].  
3. Cartographic products 
In 2016 all HRSC Phobos map products have been 
released to the public through PSA and PDS. This 
information was now brought together with other 
GIS mapping products in a catalogue and as a web-
map. Both, catalog and maps, are used to support 
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Mars Express Phobos observation planning, to 
further exploit the existing data and to support future 
missions to Phobos in the preparation and planning 
phase.  
Acknowledgements 
We wish to thank the HRSC Experiment Team at 
DLR, Institute of Planetary Research, Berlin, and at 
Freie Universität Berlin, the HRSC Science Team, as 
well as the Mars Express Project teams at ESTEC, 
ESOC, and ESAC for their successful planning, 
acquisition, and release of image data to the 
community. 
References 
[1] Lee, P., M. Benna, D. Britt, et al.: PADME (Phobos and 
Deimos and Mars Environment): A Proposed NASA 
Discovery Mission to Investigate the Two Moons of Mars, 
in Lunar and Planetary Science Conference 2015, 46. p. 
2856. 
[2] Raymond, C.A., T.H. Prettyman, and S. Diniega: 
PANDORA — Unlocking the Mysteries of the Moons of 
Mars, in Lunar and Planetary Science Conference 2015, 46. 
p. 2792. 
[3] Murchie, S., D. Eng, N. Chabot, et al.: MERLIN: Mars-
Moon Exploration, Reconnaissance and Landed 
Investigation, Acta Astronautica, pp. 1-8, 2012. 
[4] Korablev, O., D. Koschny, and T. Voirin: Phobos 
Sample Return - a mission to return a sample from a 
Martian moon, in 41st COSPAR Scientific Assembly, 
Abstract B0.4-35-16.2016, 41. 
[5] Kuramoto, K., Y. Kawakatsu, M. Fujimoto, et al.: 
Martian Moons Exploration (MMX) Conceptual Study 
Results, in Lunar and Planetary Science Conference. 2017. 
 [6] Oberst, J., K. Willner, K. Wickhusen, et al.: DePhine – 
The Deimos and Phobos Interior Explorer – A Proposal to 
ESA's Cosmic Vision Program, in European Planetary 
Science Congress 2017. 2017. Riga: Europlanet. 
[7] Witasse, O., T. Duxbury, A. Chicarro, et al.: Mars 
Express investigations of Phobos and Deimos, Planetary 
and Space Science, 102, pp. 18-34, 2014. 
[8] Pasewaldt, A., J. Oberst, K. Willner, et al.: New 
astrometric observations of Deimos with the SRC on Mars 
Express, Astronomy & Astrophysics, 545, pp. A144, 2012. 
[9] Pasewaldt, A., J. Oberst, K. Willner, et al.: Astrometric 
observations of Phobos with the SRC on Mars Express, 
A&A, 580, pp. A28, 2015. 
[10] Willner, K., J. Oberst, M. Wählisch, et al.: New 
astrometric observations of Phobos with the SRC on Mars 
Express, Astronomy & Astrophysics, 488, pp. 361-364, 
2008. 
[11] Oberst, J., K.-D. Matz, T. Roatsch, et al.: Astrometric 
observations of Phobos and Deimos with the SRC on Mars 
Express, Astronomy & Astrophysics, 447, pp. 1145-1151, 
2006. 
[12] Pätzold, M., T.P. Andert, G.L. Tyler, et al.: Phobos 
mass determination from the very close flyby of Mars 
Express in 2010, Icarus, 229, pp. 92-98, 2014. 
[13] Lainey, V., A. Pasewaldt, V. Robert, et al.: Mars 
moon ephemerides after Mars Express 2013 flyby, 
Astronomy & Astrophysics, pp. Under Review, 2016. 
[14] Burmeister, S.: Determining Rotational Elements of 
Planetary Bodies - Method and Implementation of an 
Inertial Frame Bundle Block Adjustment, in Institute of 
Geodesy and Geoinformation Science, Technische 
Universität Berlin, 2017, PhD: Berlin. p. 129. 
 
 
 
 
